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ON SOME ASPECTS OF XUV SPECTROHELIOGRAMS 

R .  Tousey,  @. D. S a n d l i n ,  and J .  D. P u r c e l l  
E .  0. H u l b u r t  C e n t e r  f o r  Space Resea rch  

U .  S .  Naval Resea rch  L a b o r a t o r y  
Washington, D. 6. 20390 USA 

A compar ison  h a s  been made between t h e  extreme u l t r a -  

v i o l e t  (XUV) s o l a r  images o b t a i n e d  s i n c e  1963 by t h e  Naval 

Resea rch  L a b o r a t o r y  ( N R L ) ,  and t h e  c o r r e s p o n d i n g  CaLK 

s p e c t r o h e l i o g r a m s  photographed  by t h e  McMath-Hulbert Observa- 

tory, g i v i n g  s p e c i a l  a t t e n t i o n  t o  t h e  c e n t e r s  of a c t i v i t y  

and  t h e  c o r o n a .  One r o c k e t - b o r n e  i n s t r u m e n t  is a s p e c t r o -  

h e l i o g r a p h ,  t h a t  p roduces  a . s p e c t r u m  of monochromatic s o l a r  

images, c o v e r i n g  X 171 - 650 H .  

o v e r l a p p i n g ,  t h e  images i n  c e r t a i n  i m p o r t a n t  l i n e s  are  

Al though t h e r e  is much 

s u f f i c i e n t l y  s e p a r a t e d  t o  p e r m i t  d i s t i n g u i s h i n g  be tween 

c e n t e r s  of a c t i v i t y .  

(2 V 630 b ,  Ne VI1 465 %., Mg I X  368 B ,  Fe XV 284 .k and 

F e  X V I  335, 361 b ;  a r r a n g e d  i n  t h i s  o r d e r  t h e y  come from 

These l i n e s  are  He I1 304 %., 0 I V  554 b ,  

higher and h i g h e r  l e v e l s  i n  t h e  s o l a r  a tmosphe re ;  t h e r e f o r e ,  

viewed i n  these l i n e s ,  t h e  change  i n  f o r m  and i n t e n s i t y  of 

a center o f  a c t i v i t y  can  be  f o l l o w e d  t h r o u g h  t h e  chromosphere 

i n t o  t h e  c o r o n a .  The r e s o n a n c e  l i n e s  o f  Fe  I X  - XXV between 

171 and 274 are  a l s o  p r e s e n t ,  w i t h  great i n t e n s i t y ;  but 



t h e y  l i e  s o  c l o s e  t o g e t h s r  t h a t  t h e  s o l a r  images a r e  n o t  

well s epa ra t ed .  

A second type of instrument ,  c a l l e d  an XUV he l iograph ,  
, 

was f i r s t  flown on 27 Ju ly  1966. T h i s  u.ses a parabolo ida l  

mir ror  and three aluminum f i l t e r s  i n  series t o  form a broad- 

band XUV s o l a r  image, inc luding  a l l  emissions from 171 H t o  

about 500 8. 
exposures XUV coronal  emission extending t o  3 Ro has been 

recorded ( F u r c e l l ,  Tousey and Koomen, 1967). 

The image has g r e a t  i n t e n s i t y ;  wi th  30 see 

Table I lists t h e  d a t e s  on which spectrohel iograms and 

h e l i o g r a m  have been' obtained by MRL, and desc r ibes  b r i e f l y  

the s o l a r  a c t i v i t y  and t h e  n a t u r e  of t h e  photographic r e s u l t s .  

1.1 01- '-' 

XU7? a n d  Ca-K.plages, an a r b i t r a r y  i n t e n s i t y  s c a l e  was s e t  up, 

- L:IZ purpose of making i n t e n s i t y  c o r r e l a t i o n s  between t h e  -7 

sii1iiIar t o  t h e  one which is used f o r  Ca-E( plages a t  t h e  McMath- 

?IxPbert Observatory. Plages were s e l e c t e d  no f a r t h e r  than 

approximately '7'0" from t h e  c e n t r a l  longi tude .  The photo- 

graphic  dens i ty  of each a c t i v e  region i n  H e  II 304 8 was 

est imated r e l a t i v e  t o  t h e  average d i sk  background on a s c a l e  

r a t e d :  1 = j u s t  d e t e c t a b l e ,  t o  5 = extremely b r i g h t .  T h i s  

w i t s  a l s o  done f o r  t h e  XUV h e l i o g r a m .  
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When t h e  H e  II 304 i n t e n s i t y  v a l u e s  were p l o t t e d  

a g a i n s t  t h e  McMath-Hulbert v a l u e s  f o r  t h e  same r e g i o n s  i n  

Ca-K, a l i n e a r  r e l a t i o n s h i p  was o b s e r v e d  w i t h  a s ca t t e r  of 

+- h a l f  a sca le  u n i t ,  e x c l u d i n g  t h e  e x c e p t i o n a l  cases t o  be 

d i s c u s s e d .  The i n t e n s i t y  estimates of t h e  p l a g e s ,  as  r e c o r d e d  

by t h e  broad-band XU'V h e l i o g r a p h ,  a l so  c o r r e l a t e d  w e l l  w i t h  

Ca-K. The p l a g e s  i n  H e  II 304 1 are =ore i n t e n s e ,  r e l a t i v e  

t o  t h e  q u i e t  background t h a n  i n  Ca-K, as was found f o r  

N-Lyman-a (Purcell and  Tousey, 1961) .  For t h e  h i g h e r  

i o n i z a t i o n  l i n e s  s u c h  as  Mg I X  368 .k, F e  XV 284 and 

Fe X V I  335, 361 B t h e r e  was no background a g a i n s t  which t o  

L 

make a compar ison;  however,  w i t h  a f e w  exceptions, 

p l a g e  i n t e n s i t i e s  i n  the d i f f e r e n t  l i n e s  i n c r e a s e d  

d e c r e a s e d  t o g e t h e r .  

The re  were a f e w  cases of p l a g e s  n o t  close t o  

t h e  

o r  

t h e  l i m b  

t h a t  were c l e a r l y  d i f f e r e n t  i n  t h e  XUV t h a n  i n  Ca-K. The 

most n o t a b l e  example is shown i n  F i g u r e  1, where two of t h e  

b e s t  He I1 304 1 inages o b t a i n e d  as y e t , w i t h  10" s p a t i a l  

r e s o l u t i o n ,  are compared w i t h  images i n  Ca-K and H-a. 

The a c t i v i t y  o n , 2 8  A p r i l  1966 l a y  i n  a b e l t  i n  t h e  n o r t h .  

The p l a g e  a t  9"E ,  2 8 " N  is strong i n  Ca-K b u t  is j u s t  
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d e t e c t a b l e  i n  H e  11; i n  B-a t h i s  f e a t u r e  is s m a l l  and weak, 

and is s u r r o u n d e d  by a r a y - l i k e  a b s o r p t i o n  s t ruc tu re .  T h i s  

p l a g e  r e c e i v e d  no  McMath-Hulbert number, but was t h e  wes te rn  

e x t e n s i o n  of p l a g e  #8278. Its p o s i t i o n  was a b o u t  ha l fway  

between t h e  t w o  l o n g i t u d e  zones  of maximum a c t i v i t y .  
- 

Great d i f f e r e n c e s  between t h e  XUV and t h e  @a-K images 

are  o b s e r v e d  f o r  r e g i o n s  n e a r  and on t h e  l i m b .  For example,  

i n  F i g u r e  2 t w o  e x p o s u r e s  w i t h  t h e  XUV h e l i o g r a p h  on 27 J u l y  

1966 are  compared w i t h  Ca-K and IH-a. Over most of t h e  d i s c  

t h e  same p l a g e s  a re  p r e s e n t ,  w i t h  s imi l a r  s h a p e s  and i n t e n s i -  

t i e s .  With in  o n e  or two minu tes  of t h e  l i m b  and beyond t h e  

l i m b ,  however, t h e  images show much more e m i s s i o n  i u  t h e  XUV 

t h a n  i n  Ca-IS. The i n t e n s e  XUV e m i s s i o n  i n  t h e  NW is the 

m o s t  s t r i k i n g  example;  i t  is  n o t  p r e s e h t  a t  a l l  i n  Ca-K 

and H-a. T h i s  a c t i v i t y  is t h e  c o r o n a l  e x t e n s i o n  above  a 

p l a g e  complex t h a t  was two t o  t h r e e  days  o v e r  t h e  l i m b .  

The b r i g h t ,  p a r t i a l  r i n g  p r e s e n t  i n  F i g u r e  2 is a 

c h a r a c t e r i s t i c  of a l l  XUV h e l i o g r a m s  and  is much t h e  same in 

images produced by x - rays  o f  X < 100 i. I t  is coxnposed :of 

two p a r t s ,  which c a n n o t  be f u l l y  s e p a r a t e d  w i t h o u t  greater  

s p a t i a l  r e s o l u t i o n .  One is j u s t  t k e  corom above t h e  

q u i e t  r e g i o n s ;  t h e  e m i t t i n g  l a y e r  is o p t i c a l l y  t h i n  and  is 
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much aore i n t e n s e  when viewed edge-on. The second  c o n t r i b u t i o n  

is f rom t h e  c o r o n a  above t h e  a c t i v e  r e g i o n s  on or w i t h i n  a few 

days  of l i m b  passage. The r i n g  is e s p e c i a l l y  pronounced i n .  

a l l  of t h e  XUV images o b t a i n e d  by NRL b e c a u s e s  f o r  e v e r y  f l i g h t  

d a t e  e x c e p t  20 September 1963,  b o t h  zones A and  €3 of maximum 

s o l a r  a c t i v i t y  (13. Dodson-Prince and E ,  R .  Hedeman, 1967) 

l a y  c l o s e  t o  t h e  l i m b ,  and t h e  d i s c  as  a whole showed a re la-  

t i v e l y  'Iempty c e n t e r " .  T h e r e f o r e ,  enhancements  i n  t h e  

e m i s s i o n  r i n g  were p rominen t ;  f o r  e a c h  enhmement  an  a c t i v e  

center t h a t  appea red  t o  a c c o u n t  for i t  v a s  found e i t h e r  on 

t h e  limb or w i t h i n  o n e  t o  f i v e  days  of l i m b  pas sage .  

The h igh  s p a t i a l  r e s o l u t i o n  s p e c t r o h e l i o g r a m s  of 28 A p r i l  
I 

1966 show several. i n t e r e s t i n g  limb f e a t u r e s .  In F i g u r e ' 3  

-the range 240 - 340 is rep roduced ,  and i n  F i g u r e  4 four 

p a r t i c u l a r  images aye b rough t  t o g e t h e r  €or compar ison .  

In  F e  XV 284 H and F e  XVI 335 t h e r e  is c o r o n a l  e m i s s i o n  

i n  t he  NW t h a t  e x t e n d s  t o  a b o u t  65' a p p a r e n t  l a t i t u d e  and 

r e a c h e s  5' beyoEd t h e  l i m b .  T h i s  e m i s s i o n  is p r e s e n t  a l so  
i 

i n  He 1.1 304 -k,  but i n  t h i s  case t h e r e  is a p o s s i b i l i t y  t h a t  

i t  may be caused  by S i  X I  304 1 i n s t e a d  o f  He XI (Sni-th, 1967). 

This c o r o n a l  e m i s s i o n  is b e l i e v e d  t o  o r i g i n a t e    om a large 

a c t i v e  complex between l a t i t u d e s  l5*, and 35' and  lying 
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30' to 60°, h e l i o c e n t r i c ,  o v e r  t h e  l i m b ;  t h i s  was t h e  great 

p a r l i c l e - e m i t t i n g  r e g i o n  of March 1966.  The complex was 

a s s i g n e d  p l a g e  numbers 8262 and  8275 and  had t o t a l  area 

7100 and i n t e n s i t y  3.5 d u r i n g  t h e  p r e c e d i n g  h a l f - p e r i o d ;  

i t  was g i v e n  numbers 8294, 8299,8300 d u r i n g  t h e  s u c c e e d i n g  

h a l f - p e r i o d .  T h e r e f o r e  t h e  XUV emiss ion '  r eg ion ,  s e e n  i n  

p r o j e c t i o n  above t h e  NW l i m b ,  was a t  a h e i g h t  above t h e  

p h o t o s p h e r e  of a t  l e a s t  3.5 X 10 

been o b s e r v e d  t o  10 

5 

km (1.5 Rg) . 
k m  (0 .5  Rg) and may have  

6 

Close t o  east  l i m b  p a s s a g e  on 28 A p r i l  1966 t h e r e  were 

t w o  c e n t e r s  of a c t i v i t y ;  p l a g e  #8284 a t  2 4 ' N l a t i t u d e  c r o s s e d  

t h e  limb one  day ea r l i e r ;  p l a g e  N8285 a t  18" N l a t i t u d e  

c r o s s e d  t w o  dayslater .  The d i f f e r e n c e  i n  XUV e m i s s i o n  from 

them is e a s i . l y  o b s e r v a b l e  i n  F i g u r e s  I., 3 ,  a n d  4. Plage #8284, 

on t h e  v i s i b l e  s i d e  of t h e  s u n ,  is o b s e r v a b l e  i n  a l l  l i n e s ,  

i n c l u d i n g ,  of c o u r s e  Ca-K, H-a, and H e  11. I n  0 V, however,  

its area is v e r y  s m a l l  and  its i n t e n s i t y  is grea t .  Coronal 

e m i s s i o n  above p l a g e  #8285 on t h e  back s i d e  c a n n o t  be seen  

. i n  N-a, Ca-K, N e  11, 0 I V ,  0 V, a n d  p r o b a b l y  n o t  in Ne V L I .  

I t  is c o n s p i c u o u s ,  however,  i n  M g  I X ,  S i  X I I ,  P e  XV9 and  

F e  XVI. I t  is m o s t  d i f f u s e  i n  M g  I X ,  and appea r s  t o  have t h e  

s t e e p e s t  g r a d i e n t  i n  Fe  XVI. Because p l a g e  W8284 &s closer 

6 



to t h e  l i m b  t h a n  #8285, and h a s  twice t h e  area (3900 v s  1900), 

it  would be e x p e c t e d  to show as  much or more e m i s s i o n  above 

t h e  l i m b ,  b u t  none was d e t e c t e d .  A p o s s i b l e  e x p l a n a t i o n s i s  

t h a t  t h e  e x t e n s i o n s  i n t o  t h e  c o r o n a  are not r a d i a l ,  b u t  a r e  

s t r o n g l y  t i l t e d  u n d e r  t h e  i n f l u e n c e  of t h e  l o c a l  magne t i c  

f i e l d .  Another  p o s s i b i l i t y  is t h a t  t h e  two p l a g e s  were 

r e a l l y  d i f f e r e a t  i n  c h a r a c t e r .  A c t u a l l y  #8285 was new, and 

was r e c o r d e d  w i t h  i n t e n s i t y  3 ,  and s u n s p o t  c l a s s i f i c a t i o n  A ;  

p l a g e  #8284, on t h e  o t h e r  hand ,  was t h e  r e t u r n  of #8240, 

a n d  its i n t e n s i t y  w a s  o n l y  2 . 5 ;  i t  was c lass  J. T h i s  s u g g e s t s  

t h a t  e m i s s i o n  e x t e n d s  h i g h e r  i n t o  t h e  c o r o n a  above a new and  

i n t e n s e  p l a g e  t h a n  above one  t h a t  is o l d ,  m0re d i f f u s e ,  and  

less i n t e n s e .  

In  o r d e r  to make a comparison between t h e  XUV images 

and t h e  w h i t e  l i g h t  c o r o n a ,  a f l i g h t  was s c h e d u l e d  f o r  

12 November 1966,  t h e  day of t h e  t o t a l  e c l i p s e  i n  So. America. 

F i g u r e  5 shows Newkirk ' s  (1967) beaut i fu l  e c l i p s e  pho tograph ,  

b u t  w i t h  t h e  c e n t e r  removed and an XUV image i n t r o d u c e d  to 

scale.  Below, is a n o t h e r  XUV image t h a t  was exposed f o r  a 

l o n g e r  t i m e .  C l o s e  t o  t h e  l i m b  t h e  XUV e m i s s i o n  matches  v e r y  

well t h e  d e t a i l  i n  t h e  w h i t e  l i g h t  c o r o n a .  T h i s  is t o  be 

e x p e c t e d ,  because  c o l l i s i o n a l  e x c i t a t i o n  of t h e  XUV r e s o n a n c e  
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2 l i n e s  fo l lows  ne,  and o p t i c a l  e x c i t a t i o n  fol lows ne. 

o u t ,  however, t h e  two types  of corona a r e  less  s i m i l a r ;  t h e  

long XUV exposure shows no s t r u c t u r e  o r  s t reamers ,  but o n l y  

a d i f f u s e  emission, c o r r e l a t i n g  i n  an approximate fash ion  

F a r t h e r  

’with t h e  white  l i g h t  corona. 

The XUV spectrohel iograms and heliograms conta in  a g r e a t  

dea l  of information about t h e  s t r u c t u r e  of t h e  chromosphere 

and corona. But  t o  make use  of them a day to day series is 

requ i r ed .  The s p a t i a l  r e s o l u t i o n  should be t h e  g r e a t e s t  t h a t  

can be a t t a i n e d .  An instrument  t o  accomplish t h i s  w i t h  

about 1’ reso lu t ion’  is near ing  completion a t  NRL, and w i l l  

be flown I n  an Orb i t ing  S o l a x  Observatory (OSO-F) i n  1968, 

This  w i l l  be followed, one  t o  two yea r s  l a t e r ,  by a photo- 

graphic  spec t rohe l iograph  wi th  very high s p a t i a l  r e s o l u t i o n ,  

t h a t  w i l l  be included i n  t h e  Astronomical Telescope Mount 

of t h e  Apollo Appl ica t ions  Program, and w i l l  ope ra t e  over  

one t o  two s o l a r  r o t a t i o n s .  

We wish t o  express  ou r  sincere apprec ia t ion  t o  Dr. Helen  

Dodson-Prince and t o  M I S S  Ruth Hedeman of t h e  McMath-Hulbert 

Observatory f o r  making a v a i l a b l e  t h e i r  s o l a r  da t a  and much 

h e l p f u l  advice.  
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TABLE I 

DATE T?~:STR&ffiEi'i"~T IMAGE SPATIAL S O U R  CCNDI T H 017s 
S I Z E  RESOLUTION 

---cc_------ d ---_I_ 7-------- 

EO May 1963 Spectrohel iograph 1.8 m4il 1' HUIJ~I-OUB o l d  cycle 
1742-400 A regions. of moderate 

a c t i v i t y .  
--- - --- --- ---_-------- 

28 June 1963 Spectrohel iograph 1.0 mm 1' The data covered 
970-400 A zoEe A .  The princil3a3, 

centers of a c t i v i t y  
were on the back s ide ,  

1__---- L_- -_-_ - ---_- --- - 
20 September Spectrohel iograph 1.8 40" The f l a r e - r i c h  proton 

1963 1'90-400 A region was ncar t h e  
"cen-ker'l 5 the 
Slight occurred 8 ITS. 
before  -;he g r e a t  
pro ton  f l a r e .  

20 Cctobel: Spectrohel iograph 4 .6  mm 20'/ Only smal l  plages 
1965 iao-ma A present  on f r o n t  s i d e .  

The b ig  spot and rad io  
region of O c t .  w a s  oa 
t h e  back s i d e .  

F ' -1----.-- 

1 February ' Spectrohel iograph I 4 . Q  nm 1' Bn "empty cepter 
1966 170-700 A The m j o r  regions 

(Jaw-ary c l u s t e r )  on 
t h e  back s i d e  marked 
t h e  first d i s t i n c t i v e  
r ise  i n  a c t i v i t y  i n  
t h e  new cycle.  The 
f e a t u r e s  near  t h e  east  
limb were ances to r s  of 
t h e  g r e a t  A p r i l  region 

28 A p r i l  1966 Spectrohel iograph 4 . 6  mm 10" Region #8299 (NE) was 

great  A p r i l  reg ion .  
The back s i d e  was the 
s i t e  of t h e  g r e a t  
proton region of Marct 

178-700 A t h e  r e t u r n  of t h e  

- - --- 
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TABLE I ( con td )  

DATE INSTRUMENT IMAGE S P A T I A L  SQLAR CONDITIONS 
SIZE RESOLUTION 

2'7 J u l y  1966 H e l i o g r a p h  4 . 6  m 1:5 Zones A and  B were 
on t h e  l i m b s .  The 
n o r t h  member of t h e  
double group  i n  t h e  
ea s t  was t h e  r e t u r n  
of t h e  7 J u l y  p r o t o n  
f l a r e  and was t h e  
s i t e  of a f l a r e  on 
28 J u l y .  The r e g i o n  
j u s t  s o u t h  and t o  t h e  
east  of i t  was t h e  
s i t e  of p r o t o n  flares 
on 28 Aug. and 2 Sept. 

L 171-400 .A 

12 Moarember H e l i o g r a p h  2.3 mm 
1966 171-500 A 

30l' P l a g e  #8573 dominated 
t h e  " c e n t e r "  and 
c o n t a i n e d  a s p o t  of 
long  d u r a t l o n  (six 
rotations) t h a t  formed 
in Aug., and radiated 
s t r o n g l y  a t  radio 
f 1-equencies  . The 
s t r o n g  r e g i o n  in t h e  
NW was m e w .  

9 May 1954 S p e c t p o h e l i g g r a p h  4 .6  ~ n r n  15" The only big  r e g i a  
170-3'70 A ;  on  t h e  sun was on 
550-700 A t h e  o p p o s i t e  hemi- 

sphere :  Zones A and  
B were a g a i n  a t  t h e  
l i m b .  

H e l i o g r a p h  2.3 ma 30" 
171-500 A 
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FIGURE CAPTIONS 

Fig. 1 Two He HI 304 1 spectroheliograms obtained on 
28 April 1966, compared with Ca-K from Mt. Wilson 

and H-a from Sacramento Peak. 

image, whose position is shown, produces the plages 

that appear at the center of the We I1 image, and 

others that are in the west; several prominences 

are present in Be 11,  but Fe XYI 335 accounts 

The Fe XV 284 %_ 

for the large limb feature in the NE. 

Pig. 2 ' Medium and long exposures with the XUV heliograph 

(171 - 500 -i) on 27 July 1966, compared with Ca-K 
and H-a f r o m  the h l t .  Wilson Observatory. The g r i d  

pattern was caused by the mesh on which one o f  t h e  

aluminum filters was supported. 

Fig. 3 The section, 250 - 340 8 ,  of the spectroheliogram 
of longest exposure on 28 April 1966, printed so 

as to reproduce the coronal emission in the NW, 

associated with Fe XVI 335 k ,  Fe XV 284 A ,  He I1 and 
Si XI-304 1, and faintly with Fe XIV. 
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Fig. 4 Sections of the 28 April 1966 spectroheliogram 

covering 0 IV 554 A ,  0 V 630 1, Ne VIP: 465 %., and 

Mg IX 368 1. 
He I 584 k image, ar.,c". half of the second-order 

image of He 19: 304 %.. 
discussed in the test are indicated. 

A l s o  present are a small part of the 

The east limb features 

Fig. 5 The white light corona, photographed during the 

12 November 1966 eclipse by the Bolivian Expedition 

of the High Altitude Observatory and The Johns 

Hopkins University, with the center replaced by an 

XUV heliogram obtained on the same date by the 

.Naval Research Laboratory. The second heliogram, 

of Long exposuxe, shows the extension of xuv 
emission into the coronao North is a t  t h e  t o p  

and east to the left. 
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